Global quantification of γH2AX as a triage tool for the rapid estimation of received dose in the event of accidental radiation exposure.
The phosphorylation of the H2AX histone to form γH2AX foci has been shown to be an accurate biomarker of ionizing radiation exposure. It is well established that there is a one-to-one correlation between the number of γH2AX foci and radiation-induced double strand breaks in cellular DNA, which can be translated to the received dose. However, manual counting of foci is time-consuming, and cannot accommodate high throughput analysis required to obtain rapid results for medical triage purposes in the case of large-scale accidental exposure. Furthermore, the accuracy of γH2AX measurements could potentially be compromised by delays between the time of exposure and analysis of results, as well as inter-cellular and inter-individual variability of this biological response. To evaluate more rapid approaches of quantifying γH2AX for use in an emergency situation, and to determine the impact of inter-individual variability, we compared two methods of global γH2AX fluorescence quantification (low magnification immunofluorescence microscopy and flow cytometry) to the well-established γH2AX foci scoring method in human primary fibroblasts. All three approaches were well correlated, indicating that global γH2AX fluorescence measurements are suitable for dose estimation. For rapid triage in an emergency situation, we propose the use of flow cytometry, as it is more highly correlated with foci scoring and because of the speed and ease of the method. Dose response curves (0.25-6Gy) using flow cytometry measurements showed that inter-individual variability in global γH2AX fluorescence is statistically insignificant at 4h post-irradiation. Based on these data, we propose calibration curves that can be applied to populations exposed to moderate radiation doses to estimate individual received doses, independent of individual radiosensitivity, at this specific time point post-irradiation using human fibroblasts and lymphocytes. Furthermore, we define three triage categories that could facilitate immediate and follow-up care in the case of a radiological accident.